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学位論文内容の要旨 
 
Nuclear reactors can produce huge energy. Accidents might occur as a result of this. Therefore, use of safe nuclear energy is a 
very important research issue. Inside the nuclear reactor, various types of radiation such as neutron, γ-ray and electron beam are 
occurred which creates defects inside the reactor materials. This is called radiation damage in materials. Radiation damages may 
cause the radioisotope materials leaking out of the reactor which is really dangerous and thus, result in radiation hazard. Therefore, it 
is very important to ensure the safety of the nuclear reactor. Hence, the study on the reactor material research becomes very necessary. 
Point defects in alkali halides are already well known. Neutron irradiation induced defect in oxides are not yet understood well for 
lack of good quality crystals and neutron irradiation facility. The study of neutron irradiation effects in oxides is very important 
because of their uses as insulators in reactor.     
In this study, α-Al2O3has been used as a candidate for the reactor material. α-Al2O3 is also called as sapphire or corundum which 
is very hard and chemically stable material. α-Al2O3 is irradiated by reactor neutron both at low and high temperatures. γ-ray 
irradiation has also been done for with comparison to the neutron irradiated samples. Low temperature irradiation environment can 
freeze the point defects created in the crystal lattice. This environment may simulate conditions in space environment where cosmic 
ray irradiation occurs at very low temperature. The results of the study can also be used in space science technology. 
The relationship between the irradiation induced defects and the luminescence mechanism has been clarified in this study.  
The excitation spectra with the vibronic structure near the 360 nm absorption band and emission spectra with the vibronic 
structure near the 430 nm emission band have been studied comparing neutron irradiated α-Al2O3 at pile temperature (360 K) and at 
20 K. In particular, the optical vibronic emission spectra of the neutron irradiated single crystal α-Al2O3 in low temperature have 
been analyzed. Huang Rhys factors of 360 nm excitation and 430 nm emission band are estimated. Also, Debye temperature has been 
estimated by curve fitting using temperature dependence of the excitation band. It can be seen that the excitation band derives from 
F2+ type center and emission band is suggested as F+ type center. 
The optical vibronic emission spectra of the single crystal α-Al2O3 caused by neutron bombardment have been studied. New 
sharp line features near 470 nm emission band were found. The phonon side bands of the previously found zero-phonon line near 380 
nm emission band are also observed in the present study. Vibronic structures associated with the 470 nm emission band are 
predominantly featured. Huang-Rhys factor and the Debye temperature are estimated by a curve fitting method to be 3.2 and 710 K, 
respectively. It can be seen that the origin of the 470 nm vibronic emission spectra is derived from F2+ center.  
Thermoluminescence (TL) mechanism of neutron irradiated α-Al2O3 at 20 K is also reported. The TL Glow curves of neutron 
irradiated and γ-ray irradiated α-Al2O3 were observed. The TL emission band near 340, 430, 530 and 694 nm have been observed in 
the neutron-irradiated α-Al2O3. The γ-ray irradiated α-Al2O3 shows only the TL emission line nearly at 694 nm, corresponding to the 
R lines of α-Al2O3:Cr3+. Therefore, the first three emission bands are related to the atomic displacement defects as F type centers 
caused by neutron irradiation. 
 論文審査結果の要旨 
 
本研究は，原子炉材料，宇宙開発機器など，将来性を嘱望されるα-Al2O3に対し，原子炉中で中性子照
射を行い，照射欠陥を光学的な手法で研究した結果をまとめたものである．実験は，京都大学原子炉実
験所で行われ，温度の異なる照射，He雰囲気低温照射（LTL，２０K），水中常温照射（HET，３６０K），
並行して行った ６０Co γ線照射によって得られた試料を分光学的手法で研究し報告している．光学的
手法で研究できる照射欠陥は，カラーセンターとも呼ばれる主に酸素が欠けた格子点にトラップされた
電子からなる Fセンターまたは，その集合体で理解されるが，その詳細についてはわかっていない点も
多い．この研究で得られた結果は主に３つの部分に分けられる． 
（１）360nmの吸収バンドと430nm付近の発光バンドをHETとLTLの試料で比較検討した．そして，励起，
発光バンドの由来となるエネルギー状態を記述し，格子との電子の相互作用の目安となる
Huang-Rhys 因子を決定した．また励起スペクトル解析によりデバイ温度を決定した． 
   励起スペクトルバンドはF2+センター，発光バンドはF+センターに由来することをモデルを使って
議論し，明らかにした． 
（２）新たに470nm付近に発光バンドを見いだした．またゼロフォノンラインと呼ばれる，格子振動の
係わらない380nm付近の発光バンドをも見いだした．470m バンドはF2+センターに由来すること
を示した． 
（３）低温中性子照射試料の熱ルミネッセンス（TL）測定を行い，またγ照射試料との熱グローカーブ
を比較した．中性子照射試料では，340，430，530，694nm などの発光バンドを見いだしたが，
γ照射試料では，694nm バンドしか得られていない．この結果を解析し，TL機構のモデルを提
案した．この結果は，中性子照射検出などの応用とも関連しており，重要である． 
以上の結果は，博士の学位を授与するのに十分な結果と認められる．
